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Abstract A model of the ionosphere and plasmasphere is uscd to invcsllgalc the elleels of an mlposcd

•o,'eslward plasma drift on O' and molecular ion behaviour m the nightside ionospheie A closed subatm_al
tube of plasma is considered and the velocity input persisls for 30 mm The rapM increase m the F-region
ion temperature resulting from ion neutral frictional heating causes an immediale surge in the O* field-
aliened velocity, upwards in the topside ionosphere and downwards below the t"2-peak. but afler ahoul
10nlin into the event the surge in lhe topside disappears. After the event there is a return flov, ofO' floln
the plasmasphere. The relative abundance of O' decreases during the event due to dlc increased ralle of
conversion of O + into NO' and O_ ; the decrease is more marked for stealer valucs of Ihe imposed
,.,.estv_ard ion drift At a given F-region ahitude, a kin. relative abundance of O* is more hkelv under

sunspot maximum atmospheric conditions. There are also significant percentages of NO' in the topside
ionosphere during the event. The bearing of tbese results on satellite obserwltions of SAIl) (suhaurolal
ion drift events) and on EISCAT incoherent scatter radar obserwltions of ion heating evcnts is discusscd

I. INTRODU(71"ION

In a recent paper, Anderson e; al. (1991) have

presented the results of observations of subauroral

ion drift events (SAID) made on the Atmosphere

F,xplorer-C and Dynamics Explorer 2 spacecraft. Thc

results were used to examine the temporal evolulion

of SAID and to determine the effects of SAID on

F-region ion composition and on the mid-latitude

/:-region trough
The resuhs of Anderson et al. (1991) indicate that

SAID e',ents may last longer than 30 rain (and less

than 3 h). This has implications for the modelling of

such events. Previous calculations of the effect of a

SAID on the ptasn3a contained in a single plasma-

sphericmagnetic tlux tube (Scllek e/ al., 1991. 1992:

Moffctt u,'al.,1991) have been limitedto _hat ha_c

been termed "'spikes" of enhanced westward flow, i.e.

the west_ard flow was imposed for 10 mm and lhcn

switched off. Some of the immediate signatures of the

SAID in the ionosphere (such as the ion temperature

enhancement in the /"-region) nlay persist almost

unchanged throughout a SAID of duration 30 mm

but others, such as the bchaviour of the molecular

ions and the fluxes of atomic ions in the topside iono-

sphere, may evolve with time. The presence of large

ion drifts perpendicular to the magnetic field (and the

presence of molecular ions, even at altitudes as high

as 600 kin) presents a significant challenge to the

interpretation of the retarding potential analyzer data.
The measured distribution functions are non-

Maxwellian and while the fitting procedures can

accommodate such distributions (St-Maurice et ul.,

1976) care should be cxcrcised in interpreting the

"temperature" as thc width of a Maxwellian dis-

tribution. When a Maxwcllian dislribution is

assumed, the tempcraturc still indicatcs the x_idth of

the distribution function but no reformation 0.bout

the shape of the functiorn is availablc

In this paper the model of Scllck _,I a/. (19ql) is

used to investigate thc clt)cts of a S.-\ID that persists

for 30 ram. The approach of the behaviour of the

topside ionosphere to steady state is examincd

En:phasis is also placed on the details of the ion com-

position in the /--region, ill vic,a of the rccem expcr-

imcntal results on ion composition (Anderson ct al.,

1991) and in view of the limited results on this topic

presented in earlier model papers.
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The bearing of the ion composition rcsutts on the

interpretation of incoherent scatter radar results

is also discussed. Observations made by using, for

example, the European incoherent scatter radar

facility (EISCAT) have revealed the occurrence of

what havc bccn termed "ion heating events". The ion

heating, as in SAID, can arisc from large electric fields

causing rapid plasma motions and thus ion neutral

frictional heating In connection with their relation-

ship to ion density troughs Rodger et al. (1992) have

noted the likely locations of such large electric fields.

2. MODEl. CAI,CIJI,AI'I()NS; AND INPIJTS

The mathematical model of the Earth's ionosphere

and plasmasphcre used in this study is described in

detail by Bailc', and Sellck (1990). In the model, values

of the concentrations, temperatures and field-aligned

velocities of the O*, !t _, tie _, N_, O_ and NO _

ions, and the electrons, are obtained from time-depen-

dent equations describing the chemical and physical

processes controlling the thermal plasma. These equa-

tions, for the continuity, momentum and energy bal-

ance of the plasma confined within closed magnetic

flux tubes, are solved along the axis of a flux tube

connecting the conjugate hemispheres. A centred

axial-dipole representation of the geomagnetic field is

assumed and for the present study all calculations

were performed for the L = 4 field line which inter-
sects the Earth's surface near 60 ° latitude. For the

model calculations, equinox (day 82) conditions were

chosen and, to provide results representing both solar

minimum and maximum, F_07 fluxes of 80× I0 -22

and 190x10 -22 W m 2 Hz-_, respectively, were

used. An A r index value of 20 was chosen to simulate
thermospheric conditions for moderate magnetic

activity.

The model results presented in Section 3 have been

obtained from a common base set of calculations com-

mencing at 12:00 L.T. and running for 3.5 consecutive

24-hour periods. These calculations yield data for a

magnetic flux tube located at local midnight and simu-

lating an early stage of ion replenishment following

depletion of the outer plasmasphere by a magnetic

storm. Using these data as input, four additional sets

of calculations were performed for one further hour

of elapsed time. The first set of calculations represents

a straightforward continuation of the base cal-

culations with no applied westward Ex B drift. For

the second, third and fourth sets, however, the mag-

netic flux tube was subjected to sudden westward

drifts with velocities of 2, 3 and 4 km s- t, respectively,

at an elapsed time of 5 min after midnight. These drifts

persist for 30 rain in elapsed time before decreasing

rapidly back to zero. In each case, the local time was
held fixed at 24:00 since otherwise the flux tube would

move back into the daylight sector when under the

influence of applied westward drifts of 3 and 4 km

s i. This is not to imply that daytime SAID events

are not observed (scc, for example. Pinnock, 1985)

but is a computational simplification to avoid plasma

temperature increases caused by incident solar

radiation.

3. RI-LS, UI,TS AND I)ISCUSSION OF TiIEIR REI.EVANCE

TO SAIl)

Stmspol max inmnl conditton_

The primary ionospheric signature of the SAID

(Anderson et al.. 1991) is ilh, stratcd by the ion tem-

perature profiles shov, n in Fig. I : these results were
obtained for an ion drift of 2 kin _ b. At /:region

altitudes the ion temperature, T,. has increased by

over 3000 K from its unperturbed value. The difference

7",- 7",, where To is the neutral particle temperature,

is due to ion neutral frictional heating and is approxi-

mately proportional to the square of the ion drift

velocity, V_, for large values of Vj, assuming that the

neutral air wind velocity is relatively small. The tilnc

dependences of T, at fixed altitudes are shown in Fig.

2. It is seen that at 300 and 500 km altitudes, whcrc

ion-neutral friction is the dominant heating mechan-

ism, T, increases very rapidly when the SAID is

applied. At greater altitudes the more tenuous neutral

air dramatically reduces the frictional heating. The

ion temperatures at these altitudes rise more slowly

due to the upwards conduction of heat from the region

of frictional heating. These time scales are evident

again when the SAID is removed, after 35 min elapsed
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FIG. 1. CALCULATED O "_ TEMF'ER.ATUKE AS A EUN('TION OF

ALTITUDE AT ELAPSED TIME 20 min FOR SUNSI"OT MAXIMUM

CONDITIONS : .... , NO WF_ST'WARI) DRIFT : , WF._;TWARI)

DRII-q" VELOCITY 2 km s i.
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time. At the Iowcr altitudes, cooling due to ion

neutral heat transfer occurs rapidly, whereas at

greater altitudes the heat in the ion gas is first con-

ducted downwards. Note, however, that tbc time

scales for establishing a new equilibrium temperature

distribution are shorter than the times required to

transport the plasma significant distances.

The rapid increase in T, in the F-region increases

the plasma pressure relative to that in the topside.

Rapid upward ticld-aligned flows are generated

(Scllck et al., 1991), in accordance with experiment

(Anderson eta/., 1991). Thc development of these

lloyd,,with time for at} ion drifl of 2 km s _ is shown

m Fig. 3. It is clear that as the plasma pressure dis-

tribution approaches steady state (illustrated by the

7', behaviour in Fig. 2) the field-aligned flows in the

topside, ahhough remaining upward, subside quite

rapidly. Whcn the zonal ion vclocity is switched off,

()' tends to return from the plasmasphere to the F-

region. Also apparent is lhe contrasting behaviour at

300 km altiludc. Here, a downward velocity results
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from plasma expansion below the F-peak (peak height centrations [Figs 4 and 5(a)] depend on the interaction

is 385 km before the event) and from enhanced loss of chemical and dynamical effects. The rate of con-

of plasma associated with the large drift velocity, version of O + into NO + and O_- depends on the rate

The behaviours of the electron and ion con- coefficients for the reactions
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O' + N, ,N()" + N (1}

and

O + +O, ->O,' +O, (2)

and on the densities of the neutral molecular species,

N, and O,. The rate coetlicients increase rapidly with

temperature when 7, is raised significantly abo_e, sa,_.

the neutral air temperature (Schunk _,,' uL. 1975;

Albritton el (d., 1977; St-Maurice and Torr. 1978).

Note that the tit by St-Maurice and Tort (1978) relies

on the cross-sections of Albritton el al. (1977) in

preference to earlier cross-sections, in the early stages

of the event, as T, increases rapidly in the /-region

(where N, and O2 densities are appreciable), con-

version ofO' to NO .+, with O_,+ playinga minor role.

leads to severe reduction in the O + density gtt 300 km

ahitude and an increase in NO+ density (Fig. 5) : the

electron concentration declines at this altitude (Fig.

4). The lield-aligned surge of O + into the topside

ionosphere and plasmasphere also contributes to the

reduction m O + density (Sellck ('t a/.. 1991). The

trend of decreasing O + and NO '- densities continues

to the end of the event.

Anderson ('t .I. (1991) have pointed out that SAIl)

trouglas arc often embedded in the mid-latitude trough

thai is presumably formed by the Spire et o/ (1978)

pl;t,qna stagnation nlech;tnisnl or iS duct(} _ ibration-

;t11_ c\citcd N, spilling Ironl Ihc ;itlror;ll /one. The

plasm:i stagnation occurs in the dusk seclor when

the magnctospheric convccti{.)ll opposes C{}rtltil|i{}n

-1 hc model rcsults do not attempt t{} account for the

:lmbient mid-latitude trough. Nonetheless, tile model

trough conceulrations 1or the larger ion drifts aFt

comparable (It) a--3× I{) 4 cm _at 300 km ahitude}

Io Ihose observcd. Also, the inode[ resuhs dem-

onstrate that the trough depth at a particular ahitudc

_ill depend on the duration of the event.

It has also bccn poinlcd otll b', Andclson <'; ,d.

(1991) thai at higher ilhiltldes lhe Ilough SigllitttllC IS

considerably mitigated or cvcn ;ibscnt t'igurc 4 sho_ s

that lhe degree of nlitigation will depend on the alli

ttlde considered, on the value of the ion drilt _clocit)

nnd t)n the duration of the evcrll

In Fig. 6 are prescntcd Ion conlposllion iestlh> Ior

vnrious values of the imposed westward ion drifl _el-

ociIv. At 300 knl ahiludc, ill the absence of tile re'st-

ward velocity, the ion gas is composed almost COlll-

pie;ely oF O' For typical SAIl). the pcrccnI:tgc

()' declines rapidly when the westward velociI\ is

switched on and continues to decline with time as

morcO + is destroyed to produce NO" and O_. Ander-

son et a/. (1991) have presented rcsuhs From D£-2

satellite observations shmving that. under March 1982

thernaospheric conditions, a SAID _ith drift of 3 kin

s _ could give rise to molecular ion dominance

arouFld 300 km ahitude. The ,nodel restllts for 3 km

s _ are consistent with these experimental restilts, pro-

vided the SAID has been operative ['('iF at least a lcv_

minutes. Figure 6(b) shov,s IIiat. ;it ;t given time dtll illg

tile SAIl), the ahitnde dependence o1 tile pcrcel'ti:i,4c

() is very marked at ahitudes tlbo_e 75(1 km

I:OF zero drift, this composilion change {ICL'tll s I'}C[O\',

25{i km

,_,'lOl_l}_*l HIiIliIHIOH (_Jllf/jfl(ll/s

Rcscihs For 7_. () licld-4ligned \cloclI\ :intt \ ,tic

nol prescnled For stinspot nlininiuln ',into lhe depen-

dences of SAIl) sigll41ures {)n lime 4ild 411ilude _ccil

in these ;ariables alO quciliiati_cl) ,,imiliir 1o Iho,c Itli

Still>pot lil4xinlun] AltCnllon is th4v, i1 illSledd 1<, the

bch4',iotlr el" the ion COlllposition ill StlllSp{'l[ 1111111

In;In] IFigs 5(b) and 7].

t:oi :i given drift, elapsed lime and F-ic'_!lOll

ahitude, tile perCelllage () al stlnspol illininltlnl {Fig
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7) is less than that Ior sunspot maximum (Fig. 6).

This feature is caused by the reduction in neutral

molecular densities in the model thermosphere. As at

sunspot maximum [Fig. 5(a)], O + plays a minor role

in the molecular ion abundance [Fig. 5(b)l.

Anderson et al. (1991) have reported ion com-

position results obtained from the AE-C MIMS

instrument when the observed drift was about 2 km

s- ' and the appropriate atmospheric conditions were

those for sunspot minimum. The AE-C satellite was

at about 270 km altitude. Results for 270 km altitude

(not shown but similar to those for 300 km altitude)

agree with the limited experimental data at solar

minimum indicating that it is less likely that the

molecular ions dominate the ion composition during

the SAID, in contrast to the situation at sunspot
maximum.

It is worth pointing out that, although not seen in

the SAID data, the model results predict that NO +

should constitute 5-20% of the total ion population

in the topside ionosphere (Figs 6 and 7). There is

evidence of increased NO + abundance in the topside

of high-latitude troughs (Taylor et al., 1975), l)erhaps

associated with large electric [iclds (Rodgcr et al.,

1992). Larger molecuhu-ion densities have been

observed in the topside during major magnetic storms

(e.g. Hoffman et al.. 1974). Also, during a major

magnetic storm, Yeh and Foster (1990) have observed

a large upward flux of O + in the topside ionosphere.

4. RELEVANCE TO Elscai ol_SFrv^Tmons

The calculations described above were set up

specifically to model SAID events. A model of the

subauroral plasmasphere has been used in which Joule

heating in the E-region and ionization due to pre-

cipitating particles have been neglected. The effects of

a vertical neutral air wind, just one of the signatures

of E-region Joule heating, have been examined by

Sellek et al. (1992) using the same model of the

ionosphere and plasmasphere. The present model

results can assist, however, in the discussion of obser-

vations of F-region ion heating events in addition to

SAID events. We choose here to discuss observations
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of il'lll heating o',cnls Flla(Ic tlv tl5ill_ I'_ISCA't. iF <,

rcccntl) presented b\ _Vin_>cr +'I td f199C)) and I liig#+
",li+t+nl alid (Mllis (1790) lit Ihc_,c xltidic.',, lilt t_'>,sc'illllil

t)alt tit Iltc iith_upretalit+ll o1 lhc t+b.ci_alit+ns is a

dcdticlioll o1 Ihc Ittc;dn it)FI lit;i>.s _ll ]-rc_ioi1 :.lltiltidc_.,

lind st) thc prcscFll mt+d+l tcsulls t)n h+n ct+inpt+silh+n

)tic ICl#\alll

\ViII>,Cl <'1 +1[. t1990) Ila'_C ct)udtlclcd _.1 spcci_tl

I-I,V,CA] cxpel-inlent ill which the aspect anglt.,

bcl\t Cell the radar bealll aF'id lhc gc't+illagnolic field wiFs

li\cd ;it ":,47 It+ ;ivoid lilt _. aiilbiTtlit > ill tltc derived it+n

ICllll+ClLIltllC cau'_od b) ani_,ollop\ In the ioll _.ch'lt.'ll\

ch<,tF IhtitioFI IFilicIioit lhc i ddtFl xpt.'Cll a W+IC

_inut\/ed to take aCCt)tFFlt ctlso tll tile n<m-Max\vclliai+

linc-,H'+_i,,ht _clt)cii\ distril+utic+n RC'_tFII', _cic
c-

t_htHtllu'd It+l ;i Ili uh/ lil/1C H+II hcutin_ c\cnl llii_g-

<liim and ('t)llis (1990) havu tl_cd I I S(L.\I ctmunun

ptt+gttim dat_i )tinct have pFosct/lctJ Iotii case Sttldic,,

_thich included ion hcltlJng ct,'C'lll _, oil the da\sid+ a,>

_cll a,, on Ihc nightsid+.

lit both the ltVillSCl- t'/ _',_1 (199(li .'.nd ]tTi77S, il-{$111

and (ellis (1990) studios th0 inili;,it analysis '_L,IFS C{IF-

ricd OtFl using {t fixed ion con)position profile, l,_.eco- -

Ill/ill_ the Iinljtalioi'ls o1" l]lis assumption, a simplified
Ioim t)l +the it)n otlor,,,,_, cql_lation and the "'bcsl" avail-

able ,,aluos of the other ionospheric paranlctcrs v,'¢rc

used to catcuhilc lho ion temperature. 7-,. This cab

culated vahio, logo|her with the experimental vahlo o1

the ratio T,,'fiT,. \vhere H), is the mean ion mass, enabled

the it)n compt)sition to be deduced. For the nights)de

c_Cnl ot 16 December 1988 (Wmscr <,' ./.. 1990) and

the dctyside events of 25 March 19S- and 28 Juh

19N7 (ltiiggSll'(Hll and Collis. 1990) the cornF_osition-

dependent analysis resulted in Ihc d_mlin:.incc of lit,."

ion composition by molecular ions during the peak of

lilt_" ion healing.

Our presell| Illode[ results arc nlor,2 dilccllv appli-

cablc to the Wmser et a/. work than lo _he H_iggstr6m

and Ctdlis work, since in the modcl _c use nights)do

conditions with no ionization fronl precipitating par-

tic'los Winser el a/. noted thai there was no strong

+tttrolal disturbance at the time el'their obserxations

..\n+endn+onts to the steady-state c.ticuhttiol+s bx

\VlII>,Cl <'I fl/ o1 the atonliC,'lllolcculdr ioil ratio alC

71\on tn a ct)nlnlenl_.ilV by I.ock_.\c+c,,.! ,.'/ _ll. 11992):

_h,:-,e lead to an in¢lease ill rite calcuhitod i-clali\e

incdccul:lr abundance. The plcSenl iIlo,._cl resulls (t:igs

(> and 7i i'lOill| I.t) l.ho likelihood o1 ,,i,__'niticant inolec-

ulai ion abtindances, particuhirl}, lor higher drift

,,pccd, ilthe ion heating 0venl has lasled fin Ihe [ramc

of ihc illO_ ing phisnla) for lOllS Of n_inutes.

I hc t/bscrxalions of Winser c[ +d. she\\ that the / +'-

ICglOlt ill:.lSIlla dCilSit} _.tppCdl+S. +/_ of',_'_lCd/}_.li Ill('

I+l.S'(ll-I+Jt+me.h lO rcco,.er It+ pFC-C\Cnt _.tities Otll

Frit/dcl FCStFIIs show thai it" I{IS('A'I vic\_:, Ihc saFnc

vt+ltlnto o1 phlSllta allci illc cvciH lls boLl\sic the c,,cnl.

Ilion ii i-cltlrll fie',\, t)t() Ilt)n_ lhc phl<,,n/ii-,l_hclc fl.i 7

J) Call rcsloic lilt-" /'LIc'{,Iolt dons)i\ I li_! 41 [hi <, po,,Sl

bilily wi.is illcnlii)licd b _, t_C:.liiilg c/ o/. (lgq(ll An

<ihcrnalivc possihilil), i_, thai the disltlrbcd piasnia ha',

litovcd Otll of lhc f{ISt..\ I field tit "vFC_\ alld Ihal. the

ichllivel__, unpcllUrbcd i_lasllla tlbser_cd b_ EIS(AI

has Ihe illtlle tiStlail nighi-[in/c dcnsily yah)c,, { F+cc Ctll\ c

for tindislurbcd ct)ndilions ill Fig. 4)

I'oi Ihc tta_sidc obsci_:llionn Ic-anai)/cd by tlaL' 7

sLit;ill _.llld (hdli,,. Ihc ic',cl]In _t_c ii/t)lccul,il toil ;d'uln

tl_iliCCS tFp It) 7(1"i, It].+i __'_ M_ilc'h 19_7) and 90<'. {l_u

__ July ItJ_R71 in ihc l-iLL'it>it II ;icc'lltilll i', I,ikc'll

htl_.t-'\c'l . /fl iOll IClllpc'lallllC dltl_llllt+p\ Ill the I_lC_

Clltc tii ItllgC It+it thiflx [-,c'c.' 1 t+c'k_<_<+tl ,," <d I I'mJI

nnd Fcl)icnccs lhciciil], il Is txpcclctl Ihal Ihc deduced

Itiolc:cular it)it abuFIdiFFICCS \'.ill bc It.'CttlC. c'ct to abe+tit

15% alld JS_!{, ,';illcC lhc hill ill il't \chlcitlc', oi',ncl ',ctJ

by ttiiggslr{_l'n and ('olli_ :liC Ic,,n II/alt __ kin ,, _. ihc',c

values arcct)ll:_istCill \tFih the icsulls t)l tig', 6 and 7

\lde FIOIe lhal the da\_,ldc obscl",alit)llS sltm_ liic

pFCSCnCC Of Sigltitic'aFtl t:-ICglt)ll l)l:.FSlll,i Clllt! l}ltl',

prestinlabl) signilJcaul .Ioule lleai.in 7 l iu,_ is hkcl\

Io cause tip,,_cllill 7 t)l lhc i/culral Lllr. _lt lit.,_, ilSt_' I_)

iltcrcascd N, and (), coltcCnllU.itions in ihc /Ci-c_loil

Lind increased r{llC t)f ctln_crsioil tll () lc)n'_ into

Fnolecuhtr ions. IqelinliFlary inodellin 7 o1 ihc rcacllon

of the coupled l hcrnlosphcrc it)nosphcic s> _,icm us)n 7

the UCI. Shelticld coupled nlodcl {Oucgan t,/ ,/..

1992) has shown signilicant up_elliF)g of the iltutral

a|nlosphere m i-espoliSe 1o increased clecli ic tields.

4 ('OX('l.t SlONS

Modelling t)f SAIl) e\ciils has hcci1 pcrltHnlcd in

which |he ion dl-il't is In,posed flu _(I nun lhi. has

pclnlillcd il slud} t)l Ihc c\t)lulioit t)f \;lrlou., ioilo

spheric signatures of SAIl). Fhc rclc',ancc of the

results on ion composilion Io EIStAI t)b>Cl\tllk)lls

has also been discussed. The i1)_i11) Ct)Ftchl'4OlD, dlC

(I) The ion |Cllll_cr_iltirc IH lilt /Lrc_ilul liCe)case',

rapidly \vhcn Illc ion dlill is inlposcd and i', IllLtlll

lailtcd ill the JllC'F'Cci',ctl \.lltIC thloughotil I]tC cxcnl

\\"hen the dl-ill c'casc-,. I]Fc ll_F1 Iu'll_l_crctFulc dT,_p,

Fal"idl__ Iot\illc[h the prc-c_Clil \ditto ,%1 :l Ill_hcl .ihl

It)do. StlC'll iFs [D|)D kill. the l¢i)lt*_CFclltilC lih. ic,l',c I, to.'.

and occul-s IllOlC slo\_h : ihc dccrt.'asc alIcu Ihc c'\ciiI

requires tip |o ;in hotir I'OF ihc pre-c_,t.'nl \;iluc !o bc

re-eslablishod.

(2) "lhcre is an ilttillCdialc sulgc ill |he () field-

aligned vclocil>, illiv, aids in the Iopsidc iOllOsptiClC

alld dowil\_,ards al Jl)l) kl)l ahiiudc /\llcr III lltill lille
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the event the surge in the topside disappears ; at 500

km altitude, for example, a downwards velocity sets

m. After thc event there is a return tlow of ()* from

tile plasmasphere.

(31 ]-he rcduclions in modcllcd F-region electron

concentration during the event arc comparable with

those observed on satellite passes through SAID. Thc

concentration behaviour depends on altilude, in

accordance with the SAID observations.

(4) The relative abundance of O' decreases during

the event; the decrease is more marked for greater

values of the ion drift.

(5) The model results predict that, at a given t"-

region altitude, a low relative abundancc ofO' during

SAID is more likely under sunspot maxinaum con-

ditions, in accordancc with expcrimcnt.

(6) Thc model results on ion composition support

thc deductions, made recently nsmg a composition-

dependent analysis of EISCAT data, that during ion

heating events the F-region contains signilicant

amounts of molecular ions.

(7) The model results predict significant pcrcentages

of NO + in the topside ionosphere.

(8) The model results may be the basis for

an improved composition-dependent analysis of

EISCAT data. An improvement needed in the present

model is, for nightside conditions with no precipi-

tation, to allow for ion temperature anisotropy in

the ion pressure term in the field-aligned momentum

equations. For dayside and/or auroral conditions, the

upwelling of the neutral air suggests the need for

a coupled plasmasphere-ionosphere-thermosphere

model.

(9) There is a need for further details of the SAID

observations to validatc the suggested behaviour with

time and altitude of thc ionospheric and plasma-

spheric signatures.
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